In recent years we have interviewed members of the audience after musical performances and asked them to evaluate the acoustics of the concert halls. A group of 'music lovers' (with a high level of musical training and experience) and 'acousticians' (with a wide knowledge of the physical characteristics of sound transmission) also attended each performance and answered the same questions as the general public. This group thereby served as a control group when evaluating surveys of the general public. In this paper, the results obtained when analyzing these control group surveys are presented. This analysis shows that a common vocabulary exists between music lovers and acousticians when rating a hall, although the grouping of the questions for each factor depends on the training of the respondents.
Introduction
The main objective of room acoustics is to study the behavior of sound within a room. The study of room acoustics involves finding relationships between the geometric and acoustic characteristics of a room or hall using various acoustic parameters. The aim is to achieve the audition desired by the listener according to the purpose of the sound. An analysis of this specialized research requires an understanding the different 'techniques' that each researcher employs in an attempt to systematize the two approaches (objective and subjective) used in the study. In recent years we have interviewed members of the audience after musical performances and asked them to evaluate the acoustics of the concert halls. A group of 'music lovers' (with a high level of musical training and experience) and 'acousticians' (with a wide knowledge of the physical characteristics of sound transmission) also attended each performance and answered the same questions as the general public. This group thereby served as a control group when evaluating surveys of the general public.
In this paper, we focus on the analysis of the opinion of this control group composed of 'music lovers' and 'acoustic specialists'. Both groups have the capacity to evaluate the acoustics of the halls but they make their evaluations from two different perspectives: from a musical perspective or technical training. This is revealed in the differing evaluations of some of the items in the survey of subjective assessment of the halls that we used (Gimenez et al., 2011) . And, especially in the relative importance that each group ('music lovers' and 'acoustic specialists') gives to some items over others. This differing evaluation of some aspects of the musical quality of the halls will be highlighted in this work.
Each author in the literature uses different methods to assess subjective perception. In 1952, Parkin, Schoeles, and Derbyshire (1952) presented a study on reverberation times in British halls and included results of a survey of critics, music teachers, and composers. Blankenship, Fitzgerald, and Lane (1955) made in 1955 a subjective assessment of halls at the University of Texas by collecting the responses of architects, acousticians, and musicians. Beranek published a book entitled Music, Acoustics and Architecture in 1962 (Beranek, 1962) which provided results from a large study conducted by the author in the late 1950s on the quality of acoustics in 54 concert halls throughout the world using the subjective assessments of mu-sicians, directors, and music critics. A list of 18 subjective effects was presented by Beranek in the conclusion of his study. Following this work, two major studies were carried out in which subjects attended a series of concerts in various halls. Hawkes and Douglas in a 1971 study (Hawkes et al., 1971 ) asked music students and professional musicians attending live concerts to complete questionnaires with a set of 16 bipolar scales. The main result of this study was the definition of a subset of orthogonal subjective parameters for factor analysis: reverberance; balance and blend; intimacy; definition and brilliance. In a 1988 study by Barron (1988) expert listeners (acoustic consultants) attended live performances in 11 British concert halls and completed a survey after each concert. This questionnaire was shorter than previous studies, but was designed in the light of findings from earlier studies. The study concluded that subjects made subjective assessments from two perspectives: those who prefer reverberation, and those who prefer intimacy. Barron compared these results with those obtained in laboratory tests by the Berlin group (summarized in Cremer et al., 1982) . These results and the absence of musical experts in their study, led Barron to describe a third preferred type of subjective assessment that is linked to clarity. Gade used questionnaires in his research on the acoustics of musicians performing on stage (Gade, 1989a; 1989b) . He asked a large number of musicians to indicate the items they regard as most important and the subjective responses were: reverberance; support; timbre; dynamics; hearing each other; and time delay. Gade grouped these subjective aspects into 'soloist' and 'ensemble' concerns. A study by Sotiropoulou, Hawkes, and Fleming in 1995 (Sotiropoulou et al., 1995) examined evaluations made by general concertgoers and used factor analysis to obtain four independent subjective factors: body, clarity, tone quality, and proximity. Cox and Shield made a notable study of the acoustics of the Royal Festival Hall in 1999 (Cox et al., 1999) and included a survey of the general public, comparisons between musicians playing instruments, as well as comparisons between non-musicians and experts (after attending many concerts). Unfortunately, the results only examined one hall.
To conclude this review of research conducted on subjective assessment using surveys over the last decade, we find that the most recent works of Beranek and colleagues (Beranek, 2003; 2008; Hidaka et al., 2000) are used as the main reference. The main objective of this study was to obtain a quality ranking for opera and concert halls.
Many researchers have been making subjective assessments using laboratory tests (Ando, 1977 (Gade, 2007) . These results suggest that the functional efficiency of music halls can be examined from various points of view: the acoustician, musician, and the general public. It may be believed that these views should match as the joint efforts of architects and acousticians are intended to effectively satisfy the needs of the musician and concert-goer (regardless of their knowledge of acoustics and music). However, this is not necessarily true because psychological factors that exert a strong influence on musicians cannot be felt or understood by acousticians nor general listeners -and vice versa.
Our paper proposes to achieve the following:
• Define the terminology that enables music lovers to express their assessment of music halls.
• Define the terminology that enables acoustic specialists to express their assessment of music halls.
• Integrate the contribution of music lovers and acousticians in a common vocabulary.
For this purpose we assembled a group of experts composed of 'music lovers' from the Conservatory of Music of Valencia and 'acoustics' from the Universitat Politècnica de València. Assessments of halls through a survey were compared with those made by concertgoers attending the performances. The evaluation of the results of the survey to obtain the ranking of halls showed that the valuations of the public were similar to those of the experts but a little less rigorous, which was perfectly acceptable, and revealed that expert opinion was consistent with the general public and vice versa.
However, we also noticed a slight variation in the evaluation of the items in the survey between the two subgroups that made up the panel. So we decided to specifically address this issue and investigate these slight differences in appreciation of the musical quality between 'music lovers' and 'acousticians'.
Methodology

Subjects
The group of experts was formed of 26 individuals: 14 experienced acousticians (architectural acousticians, technical acousticians, consultants, university lecturers and researchers); and 12 music-lovers who although not experts in acoustics, nevertheless have considerable experience in music and were trained at the Valencia Music Conservatory.
Halls
In the Table 1 we show the main typological characteristics of the nine halls in which the expert group made evaluations. 
Questionnaires
We have verified that the questionnaire is a valid instrument for evaluating the subjective perception of listeners in concert halls, and we have found a good correlation between experts and the public in general; although there is a slight tendency by the public to overvalue the acoustic quality of the halls (Hidaka et al., 2000) . Partial results have been discussed in various forums (Gimenez et al., 2006a; 2006b) . In these conferences, we have presented evaluations of some concert halls and an initial analysis of the data using factor analysis. The small number of surveys made in previous works has obliged us to use all the results without distinguishing the three types of listener mentioned above. As a result, we have a sufficient database of responses from 'music lovers' and 'acousticians' to present a partial result for these two groups. The questionnaire for validating the subjective assessment of the concert halls (Gimenez et al., 2006a; 2006b ), contained 58 questions divided into six sections: Section A: 'General aspects of the hall'. Background noise, visibility of the orchestra, comfort of the seating, architecture and decor, etc.
Section B: 'Detailed acoustic perception'. Characteristics of the psychoacoustic quality are assessed in this section.
Section C: 'Global acoustic perception' includes items about the global perception of the orchestra, global orchestral balance, and an evaluation of global acoustic perception in the hall.
Sections D, E and F: 'Sociological data', 'Musical preferences' and 'Commentaries' include a total of six questions.
Each item can be rated from 1 to 5 points (corresponding to more or less agreement with the question) and the value 0 indicates a non-response. This work has not taken into account the questions in sections A, D, E and F as these questions are not specifically about a musical evaluation of the hall and include other collateral aspects such as comfort and decor. In this study, we have used the 23 questions in section B, as well as questions c01 and c02 that cover specific aspects of sound quality assessment (see Table 2 ).
Procedure
The group of experts was given set positions throughout the audience seating area of the halls and changed positions between acts. In this way, responses from the two groups corresponded to the same positions. The surveys were made during the following 14 musical performances (see Table 3 ). 
Statistical analysis
The main applications of factor analysis are for reducing the number of variables and detecting structures in the relationship between the variables. The factor analysis we carried out consists of extracting the principal components by analyzing the correlations matrix for eigenvalues over one. We completed the process by rotating the factors using the varimax procedure. The questions are considered to be included within a factor when they have the highest rate of correlation in this factor (in absolute value) that exceeds 30%. In this paper we have processed 246 surveys.
Results and discussion
Below are the results obtained by data reduction using factor analysis through the determination of the main components.
Acousticians
We have obtained seven factors that explain 71% of the total variance. Each factor explains 14%, 12%, 11%, 10%, 9%, 8% and 7%, respectively. We can observe that some consecutive questions are grouped in the results from acousticians. This could be a consequence of the fact that the survey was designed by acousticians, and the nature of the authorship may also explain why the obtained factors are quite balanced. However, the groupings of non-consecutive questions are interesting. Interpretation is always perilous, but we suggest the following:
Factor 1: (14%). This factor contains questions b72-b76. It includes the adjectives: exciting, balanced, strong, pleasant and light. Therefore, we can consider it as a factor of pleasantness. The correlation factors are between 0.86 and 0.65.
Factor 2: (12%)
. Questions b51 to b53 evaluate the subjective dimension of the room, and question b71 relates to sensations of softness. The correlation factors are between 0.89 and 0.52. This sensation may depend on the subjective perception of the 'size' of the room, because both impressions are related with early reflections.
Factor 3: (11%). Questions b43, b64, c01 and c02 are listed in this factor. The correlation factors are between 0.90 and 0.52. These are questions related to the perception of the orchestra, the directionality of the sound, and the presence of high frequencies. We can interpret this factor as relating to the perception of sound. We can say that imbalance is a masking effect or caused by a mixture of sounds (lack of balance).
Factor 6: (8%). Questions b61, b65 and b81. The correlation factors are between 0.77 and 0.55. The determination of an objective parameter that describes the perception of being enveloped by sound is a matter that is being researched at the moment. The grouping of reverberation, warmth, and the perception of envelopment may assist researchers interested in this topic (see factor 5 for music lovers).
Factor 7: (7%). Questions b62, b63 and b66. The correlation factors are between 0.75 and 0.52. This question corresponds to dry. Intimate (small room) and clear (separate details of the musical execution are distinguishable) are grouped in this final factor. These perceptions can be explained by a reduced level of sound reverberation.
Music lovers
We have also obtained seven factors that explain 62% of the total variance. Each factor explains 18%, 8%, 8%, 8%, 7%, 7% and 6%, respectively. In this case, factor 1 includes ten questions. The following three factors include three questions, and the last three factors only include two questions. A possible interpretation of each factor is:
Factor 1: (18%) This pleasantness factor is similar to factor 1 for the acousticians (it includes almost all the questions in that factor), including: b43, b63-b66 and b71, b73-b76 (correlation factors between 0.44 to 0.78). The questions correspond to rating: intimate, live (brilliant), warmth, clearness, sensation of soft music, balance, high sonority, pleasantness, and lightness. More characteristics are included for this factor than in the case of the acoustic survey.
Factor 2: (8%) Questions b11, b67, b72 and c02 (correlation factors between 0.76 to −0.59). A term appears with negative correlation in this factor. Next to the cloudy term is the prevalence of high frequencies and the ease with which the soloist can be distinguished (negative correlation). Question c02 enquires as to the perception of a balanced orchestra. We named this factor 'precision of sound'.
Factor 3: (8%) Questions b01, b21, c01 (correlation factors between 0.73 to 0.57). This factor regards perception of the orchestra: the ease with which the orchestra and instruments can be perceived and the orchestra's overall force.
Factor 4: (8%) Questions b41, b42, b61 (correlation factors between 0.81 to 0.57). This factor is similar to factor five for the acousticians; namely, the unbalanced perception of high or low frequencies, and is grouped with 'reverberance'.
Factor 5: (7%) Questions b52, b81 (correlation factors of 0.55). The music lovers group feel enveloped by the sound. This fact, together with the observations made for acousticians in factor 6, are interesting when designing an objective parameter for envelopment.
Factor 6: (7%) Questions b51, b53 (correlation factors between 0.77 and 0.67). This factor includes the perceived 'size' of the room for music lovers.
Factor 7: (6%) Questions b43 and b62 (correlation factor 0.43 and 0.88). The observation that the sound is equally perceived in all directions is grouped with dry. It could be argued that isodirectionality can be valued negatively by music lovers.
The common vocabulary
It can be observed that the same questions appear in the seven factors found in both groups. However, the explanation of the variance in the case of acousticians is higher than that of the music lovers and the distribution of the questions differs. This shows that differences between acousticians and music lovers are very significant in the obtained factors. Even if we force the analysis to obtain just four factors, the differences between the groups remain the same. However, it is possible to see that there are factors supporting a similar explanation for both groups of subjects. Factors 1 which has been interpreted as a factor of 'pleasantness' is common in both cases, as well as being the main factor (18% for music lovers and 14% for acousticians). The 'size' factor also appears in both groups -but is more important for acousticians (12%) than for music lovers (7%). There is also a factor of being enveloped by sound that has similar percentages (8% and 7%). Finally, the 'lack of balance' factor of the acousticians corresponds to an 'unbalanced perception' by the music lovers. However, the perception of the acousticians includes a group we call sound perception (11%), that compares with the corresponding factor for the music lovers of the perception of the orchestra (8%). Given these similarities, we performed a factor analysis with the least number of factors that explain about 50% of the variance and obtained four factors. Table 4 shows the components obtained in accordance with the questions studied and their correlations. Each factor explains 19%, 11%, 9%, and 9%, respectively. We can observe in this case that the contiguous questions are generally grouped together. We can consider the factors below as a common vocabulary: Factor 1 (19%): Quality factor about pleasantness.
This factor incorporates the main factor of the group of acousticians and the music lovers group. The only question that is not included is b43 that appeared in F1 for music lovers (low correlation).
Factor 2 (11%): Quality factor about global sound perception. This factor groups factors 3 and 4 of the acousticians (sound perception and clarity) and factors 2 and 3 of the music lovers (cloudy and perception of the orchestra). It also includes the question b81 about feeling enveloped by the sound that previously appeared in other factors (F6 for the acousticians and F5 for the music lovers).
Factor 3 (9%): Factor about room 'size' perception or subjective room size. This factor includes factor 2 for the acousticians, for which it is the second most important factor, and includes factors 5 and 6 for the music lovers (a less important factor for this group).
Factor 4 (9%):
This factor is about balance in frequencies from the musical point of view (reverberation included) that corresponds to factor 4 for the music lovers. It also groups factors 5 and 6 for the acousticians. We have used the results obtained to propose a new grouping of factors for the subjective evaluation of concert halls. These new factors constitute a common view of the acoustic quality of concert halls by the two groups that represent the artistic and technical traditions of music listening. The common language shared between musicians and acousticians is more similar to the language of musicians given that factor 1 of the musicians is practically identical to the common factor 1 for both acousticians and musicians; factor 4 of musicians is identical to the common factor 4; while the factors 2-3 and 5-6 of the musicians only differ in one question with respect to the common factors 2 and 3, respectively, for both acousticians and musicians.
For concert halls and opera houses, Beranek (1996) said that in recent years a common language of acoustics has been developed that emerges from the dialogue between musicians and acousticians.
In the literature, field studies into the multidimensional evaluation of auditorium acoustics by means of subjective surveys were performed with expert listeners (Hawkes et al., 1971 , Barron, 1998 Beranek, 2003; 2008; Hidaka et al., 2000) and general audiences (Sotiropoulou et al., 1995; Cox et al., 1999) . As far as we know, there is no specific work comparing surveys between music lovers and acousticians. Our results show that differences and similarities exist between these groups of experts -their general evaluations of the hall being similar but with each type of expert focusing on differing aspects.
The order of importance that we have found for acousticians is: pleasantness, subjective dimension, perception of the orchestra, clarity, lack of balance, envelopment and dry-intimate factor. The order of importance for music lovers is: pleasantness, precision of sound, perception of orchestra, lack of balance, openness of the hall, perceived size and iso-directionality. Although the terms that appear are common for subjective evaluations or halls it is worthwhile emphasizing the inclusion of the subjective dimension (acousticians) and perceived size (music lovers). A similar result was given by Lokki et al., (2011) in which individually elicited attributes include factors such as openness and the width of sound.
However, the results provided by the experts are more consistent than the results of the general public (Cox et al., 1999) . On further comparing the results of our two groups of experts (acousticians and music lovers) it can be seen that the acousticians are the more consistent of the two groups when consistency is evaluated with the percentage of explained variance in the factoral analysis (71% compared to 62%).
All of these differences indicate that the acousticians value the technical aspects by grouping them into balanced factors; while the music lovers make a grouping that includes nearly all of the items in one group (which therefore has greater weight).
Nevertheless, when a common language is considered and a set of four factors with 50% of the explained variance is established, we find that the first two factors can be considered as factors of overall perception -while the other two factors, refer to a more detailed analysis of sound. This twin point of view is apparent in early works on subjective evaluation (Fischetti et al., 1992) . Moreover, our results agree with the view presented by Gade, in which the subjective characteristics are assembled into two groups: 'soloist' and 'ensemble' (Gade, 1989a; 1989b) . Our results also coincide with the general view of Barron (1988) who considers as important factors: reverberation, intimacy, and clarity.
Our results can also be compared with those of Lokki (Lokki et al., 2011) . Although Lokki obtains nine groups of characteristics, given the nearness of the resulting groups it is possible to make a grouping of just four: reverberance 1 (size of space); reverberance 2 (envelopment); definition; and a group that includes size of sound, loudness, separation, distance and openness (main dimension). These four factors can be related with the four factors that we have obtained as below:
• 
Conclusions
In this paper we present, using a subjective assessment survey, the qualities of sound perception most relevant for each group (musicians and acousticians) where their ratings are similar.
During the past five years we have surveyed a group of experts listening to performances in various concert halls in the region of Valencia in Spain. This group consists of musical and acoustic experts. We present the results of a factor analysis of the surveys.
The analysis of these surveys reveals varying results for 'music lovers' and 'acousticians'. While all the questions can be grouped into seven factors for both groups -the groupings are nevertheless distinct.
These results imply that educational training is an important factor in the evaluation of concert halls, even for expert groups:
• The number of factors -seven -is the same in both groups, but the group of acoustic experts shows more variance than the group of music lovers (71% compared to 62%).
• For the acousticians the first four factors have percentages of between 14% and 10%; while for the music lovers, the first factor with a factor of 18% is the only one with a value greater than 10%.
• Factor 1 of the acousticians (14%) includes five questions and factor 1 of the music lovers includes ten questions. However, there are questions in common.
• The questions are distributed almost equally (four or five) between all the factors for the acousticians; while for the music lovers the questions are encompassed in the first factor.
All of these differences indicate that the acousticians differentiate the technical aspects by grouping them into factors that contain contiguous questions, while the music lovers group almost all of the items into one factor (which therefore acquires greater weight). This may be caused by the fact that the survey was mostly designed by acoustic experts.
By analyzing all of the surveys together we have obtained a common vocabulary for musical and acoustic experts. We have found that contiguous questions are generally grouped together and that four factors are found and can be interpreted as follows:
• Factor 1: (19%) -quality factor about sound perception.
• Factor 2: (11%) -quality factor about perception of orchestra.
• Factor 3: (9%) -factor regarding room 'size' perception (subjective room size or acoustical intimacy).
• Factor 4: (9%) -factor regarding balance in frequencies from the musical point of view (reverberation included).
The first two factors can be considered as factors of overall perception; while the other two factors refer to a more detailed analysis of sound. This common language between acousticians and music lovers is more similar to that of the musicians.
